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By Thanas F. B a k e r  

The variation of the intensity of buffeting  experienced  throughout 
the operational  region of the Northrop X-4 airplane and the values of 
maximum and peak  normal-force coefficients in the Mach  number range fram 
about 0.40 t o  0.92 have been determined. The data were obtained during 
turns and stalls a t  approximately 30,OOO feet. The values of maximum 
l i f t  attained by the Northrop X-4 airplane  decreased from a normal-force 
coefficient of about 0.n at a Mach number of 0.40 t o  a normal-force 

bers  greater  than 0.84 were not attained because of insufficient  longi- 
tudinal  control. The low values of maximum normal-force  coefficfent 

conventional  (tailed) swept-wing a i r c ra f t  were part ia l ly  a t t r ibu ted   to  
the detrimental   effects of the elevons. 

. coefficient of 0.54 a t  a Mach  number of 0.84. Maximum l i f t  at Mach num- 

c attahed by the Northrop X-4 airplane as compared Kith  those  attained by 

The buffet boundary, which separates smooth flight from buffeting 
f l i gh t ,  decreased fram a normal-force coefficient of 0.515 at  a Mach nun- 
ber of 0.425 t o  a constant value of 0.420 at a Mach  number of 0.575. A t  
Mach numbers greater than about 0.64, no buffet  boundary could be estab- 
l ished because of the existence of buffeting at all values of normal-force 
coefficient at Mach nmbers greater than about 0.62. An intensi ty-r ise  
boundary, above  which buffet   intensit ies  increased  rapidly with lift, was 
found t o  extend from a normal-force coefficient of 0 . 9  a t  a Mach  number 
of 0.45 t o  a normal-force coefficient of 0.41 at a Mach  number of 0.86. 
The maximum observed  incremental  fluctuations of airplane  normal-force 
coefficient due to buffeting were of the order of EN = f0.25 and 
occurred  during stalls at low Mach numbers. Buffet intensities of 
ACN = k O . 1 0  were observed during turns t o  maximum l i f t  at a Mach number 
of approximately 0.80. 
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I n  comparison with a conventional swept-wing airplane,  the  buffeting 
experienced by the Northrop X-4 a i rphne  occumed at   substant ia l ly  lower 
values of normal-force coefficient  but the maximLrm b m e t   i n t e n s i t i e s  of 
the two airplanes were of the same order. When compared on an angle-of- I 

attack basis, it was found that the  intensity-rise boundpries of the two 
airplanes were almost coincidental. 

.r 

The maneuvering range of the Northrop X-4 was found t o  be limited by 
maximum attainable lift and control  ineffectiveness and wa6 not l h i t e d  
by the  onset of high-intensity  buffeting. The magnitude of the buffeting 
encountered m s  objectionable to   t he   p i lo t s  only at normal-force coeffi- 
cients  close t o  maximum l i f t ,  No allevisting  effect,  insofar as buffeting 
i s  concerned, was produced by the absence of a  horizontal tai l .  

The Northrap X-4 airplane was constructed as p e r t  of the joint 
NACA-AIr Force-Navy research airplane program primarily t o  provide 
research  information on stability and control  characteristics at high 
subsonic Mach numbers. This paper  presents the results of an investiga- 
t ion  with the X-4 airplane t o  determine the maximum lift and buffeting 
characteristics of a swept-wing configuration  without a horizontal tail.  

Buffeting mey be defined  as an aerodynamfcally induced structural 
vibration of one or more components of &tl airplane. During previous 
investigations, it was found that the  region in  which buffeting is 
encountered may be defined in  t e r n  of lift coefficient (or angle of 
attack) and Mach ndber .  The or igin of buffeting lies i n  the pressure 
fluctuations  associated with separated flow and with turbulent wakes. 
TIE s t ructural ly   e las t ic  ccunponents of the airplane (a, stabil izers,  
and fuselage)  generally respond t o  the pressure  fluctuations at f r e q m -  
cies  close t o  their natural s t ruc tu ra l  frequencies. The vibrations of 
all the various components, regardless of frequency, are reflected a t  the 
airplane center of gravity aB fluctuations in acceleration. The buffet 
data presented i n  this paper an? the results of measurements of these 
acceleration  fluctuations. 

%max maximLrm normal-f orce  coeff ic ient  
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c ke pressure  altitude, P t  

1, incidence  angle of wing, deg . 
M Mach  number 

n airplane normal load factor 

P static  pressure,   lb/sq f t  

9 dynamic pressure, O . w ,  lb/sq f t  

R Reynolds number 

S wing -ea, sq f t  

i? airplane weight, lb 

a airplane  angle of attack, deg 

aW angle of attack of KLng, a + b, deg 

&e 

N N  

elevon  deflection, deg 

incremental  fluctuation of airplane normal-force 
c 

coefficient due t o  buffeting, W &/qS 
L 

An incremental  fluctuation of load factor  due t o  buffeting 

The Northrop X-4 airplane is a semitailless airplane having a v e r t i -  
c a l  t a i l  but no horizontal  tail.   Longitudinal and la teral   control  i s  
achieved by elevons  located on the outboard traFlfng edge of the wing. 
The elevon  system is sn irreversible hydraulic-powered system. No direct  
mechasical  control of the elevons is  provided f o r  the pi lo t .  The control 
st ick  "feel" is provided  synthetically by means of springs and a force- 
producing bellows assembly. The airplane is powered  by  two Westinghouse 
J-30-WE-7-9 engines and is designed f o r  f l ight  research i n  the high sub- 
sonic speed range. The physical  characteristics of the airplane are 
l i s t ed  in table I. Photographs are shown in fi ,we 1 and a three-view 
drawing is presented in figure 2. 

L 

Standard NACA recording  instruments,  synchronized by a comuon timer, 
were used t o  measure all quantities  pertinent t o  this investigation. 

- 
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TESTS AND PROCEIXRE 

,a presented were obtained during wind-up turns and acceler- 
ated stalls a t  approximately 30,000 f ee t  with the airplane in the  clean 
configuration. The Mach  number range  covered during maneuvering flight 
extended from M 2 0.40 t o  M Z 0.84. k v e l  flight Mach nmibers of the 
order of 0.92 were attained. 

The values of  maximum l i f t  f o r  the X-4 airplane are defined as the 
airplane normal-force coefficient beyond which the normal-force coeffi- 
cient  decreases with increase in angle of attack. The buffet   intensit ies 
were determined by measuring the double amplitude of the fluctuations of 
the normal-acceleration  trace,  converting  the measurements i n t o  incre- 
mental v a l ~ e s  of acceleration +A, and calculating VELLLES of fncrextentd 
normal-force coefficient e. Buffet intensi t ies  were measured 00- 
d u r i n g  periods of increasing normal acceleration and positive  pitching 
velocity. 

Two typical  records of normal acceleration are reproduced in  f i g -  
ure 3. The s t a r t  of buffeting is indicated a t  time 7.7 seconds i n  fig- 
ure 3(a).  The fluctuations i n  normal acceleration  occur  predmiaantly 
at WO frequencies, 11 and 30 cycles per second.  Lnspection of records 
taken  during var ious flight conditions  indicated that the most severe 
buffeting  occurred at the lower frequency. The accelerometer used f o r  
buffet- intensi ty   detednat ion is an a i r - w e d  instrument having a =tu- 
r d  frequency of 21 cycles  per second. The response of this instrument 
varies with a i r   dens i ty  and with forcing frequency. "he incremental 
acceleration  data  obtained frm it have been corrected  for  both  variants 
by using a forcing  frequency of 11 cycles per eecond a B  the basis of 
frequency  correction. 

L 

General Flight characteristics 

The aperational  region of the X-4 airplane is shown fryfigure 4. 
L i n e s  of constant normal load factor f o r  a wing loading of 35  pound^ per 
square foot and an altitude of 9,000 f ee t  are sham as a matter of inter- 
e s t .  The shaded area of figure 4 indicates  the region i n  which buffeting 
is experienced. Liftwise, the airplane is United by maxFrmrm attainable 
normal-force coefficients a t  Mach nmbers below 0.84 and by longitudinal 
control  ineffectfveness at higher Mach numbers. The maximum speed of the 
airplane was lwted t o  M x  0.92 because of violent   la teral  and longi- 
tud- oscil lations,  The longitudinal instability boundary f o r  the a i r -  
plane is shown in   f igure  4. Detailed presentation of the result6 of 
handling-qualities  Fnvestigstions with the airplane is given i n  reference 1. - 
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t Maximum Lift 

. maximum normal-f  orce  coeff  icfent ) attained  by the X-4 airplane (fig. 4) 
The values of maJdmum lift  (considered  herein as synonymous with 

were  considerably  lower  than  those of conventional airplanes. Stall 
warning was provided  by an increase in the intensity of the buffeting 
at  normal-force  coefficients  about 0.1% below maxiunm lift. In gen- 
eral,  the  buffeting  below  the  instability  boundary I s  not objectional  to 
the  pilots.  Detailed  results of law-speed s t d l  tests are given €n ref - 
erences 1 to 3. 

The low values of madmum normal-force  coefficient  attained  by  this 
airplane  are  the  result of the  use of the  outboard trailing edges of the 
wing as lateral and longitudinal  control  surfaces. The considerable 
scatter in the values of Cro, shown in ffgure 4 is caused  by varia- 
tions  in  the  position of the  elevone. The reduction in Lift  caused  by 
negative  deflections of the  elevone is illustrated in figure 5 where 
typical  flight-test  variation of normal-force  coefficient aad elevon 
positions  with  angle of attack are cangazed  with  xind-tunnel  values of 
normal-force  coefficient  at various elevon  positions. The wind-tunnel 
data  through maximum lift for 6,= = 00 and up to an angle of  attack of 
60 for  deflected  elevons  were  obtained f ran refemme 4. At  angles of 
attack  greater  than 60, the  decrement Fn U t  due to  elevon  position was 
estimated from various  published whd-tunnel data.  At low values of 
normal-force  coefficient,  the  flight-test  data are in agreement with  the 
wind-tunnel  data  but,  at  the stall, flight-test values of  normal-force 
coefficient are higher  than  the  estimated wind-tunnel d u e s  at  conpara- 
tive  elevon  positions. The differences  between  the  data are probably 
due to the difference in Reynolds n-r but may be  due to incorrect 
estimation of the  decrement in lift  caused  by  elevon  deflection. It 
should be noted  that, although right and left elevon  positions are approx- 
imately  equal in figure 5,  lift can be appreciably  decreased  by  increase 
in the up deflection of either  elevon. 

- 

Buffeting 

Buffet boundary.- The portion of the operational  region of the X-4 
airplane  in  which  buffeting waa experienced is preeented  in figure 4. 
As indicated in this figure, a definite line of transition  between  smooth 
flight and buffeting  flight has been found to exist up to a Mach n-r 
of about 0.64. This line of transition, or buffet boundary, is defined 
by  the  Mach  numbers and normal-force  coefficients at which  buffeting is 
first  apparent  as  normal-force  coefficient  is  increased. A t  Mach nun- 
bers greater  than about M = 0.62, buffeting  exists  at all flight-attained 
values of lift  coefficient,  but  the  intensity of the  buffeting is of very 
low intensity  at  normal-force  coefficients less than  about 0.4. At low 

- 
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l ifts FJ 0.4), the transit ion from smooth f l i gh t  t o  buffeting 
flight occurred i n  the Mach number r w e  from 0.62 t o  0.64, but a defi- 
ni te  boundary defining the exact  conditions a t  which the t ransi t ion 
occurred  could  not be determined. 

Intensity of buffeting.-  Typical  variations of buffet  intensity EN 
with normal-force coefficient at Mach numbers of approximately 0.61 and 
0.80 are presented in figure 6. The data were obtained from the records 
of normal acceleration reproduced in figure 3. A t  the lower Mach m b e r  
( f ig .  6 ( a ) )  smooth flight ex ls t s   un t i l  a nomal"force  coefficient of 0.43 
is attained; whereas, i n  figure  6(b) (M = 0.80), the airplane is buffeting 
a t  the s t a r t  of the run (% = 0.16). The buffeting indicated in figure 
6(b)   a t  normal-force coefficients between 0.16 and 0.43 is typical of the 
low-lift buffeting experienced by t h i s  airplane at Mach numbers above 
0.62. A t  normal-force coefficients greater than 0.43 in figure 6(b), the 
buffet  intensity  increases  rapidly vi th  CnA. A similar abrupt  increase 
in  buffet   intensfty can be noted in figure 6 ( a ) .  These abrupt increases 
i n  buffet intensity, which occur smwbat above the buffet boundary a t  
low Mach ntsmbers and xhich  denote the end of low-lift  buffeting at high 
Mach  nurcibers, vary consistently with Mach nlzmber and normal-force  coeff i- 
cient and effectively  establish a boundary above which buffeting can be 
considered induced by lift (or angle of attack). The buffet boundary 
and the  "intensity-riee" boundary f o r  the X-4 airplane are presented i n  
figure 7. Although the buffet boundary separates the region of smooth 
flight from that In which buffeting ie encountered, the intensity-rise 
boundary is  of' importance  because it indicates the depth t o  which the 
buffet region can be penetrated before buffeting of increasing severity 
i s  experienced. 

The variations of buffet  intensity with normal-f orce  coefficient, 
of which the data of figure 6 are typical, were determined for  various 
Mach numbers throughout the speed range of the airplane. These data 
have been summarized in figure 8. It may be seen that a slight  increase 
in the intensity of law-lift buffeting occurred  as Mach  nuuiber increased. 
The highest intensity of low-lift buffeting observed was on the order of 
ACN = M.015, which is considered of lm intensity. The cause and nature 
of the low-l l f t  buf'fethg which occurred at Mach nmbers  greater  than 
0.62 and normal-force coefficients below the  intensity-rise are not hown. 
The low-lift buffet-  could  not be fe l t  by the p i l o t  and had no effect  
on Jm.dllng and maneuvering characteristics. 

Inspection of the data of figure 6 shows that, at no--force 
coefficients above the intensity  rise,  the increase in  buffet intensity 
with lift is sanewhat random. ActuaUy, it was found that the buffet 
intensi t ies  experienced during several maneuvers performed under simiLrul 
conditions generally fell within  the envelope described by the peak 
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values of durlng any one maneuver. The various buffet-intensity 
regions shown in figure 8 w e r e  determined fram such  envelopes. AB maxi- 
mum l i f t  was approached, the increase in buffet intensi ty  with l i f t  was 
too  rapid  for the exact  regions of conetmt-intensity  buffeting  to be 
shown in figure 8. The data of figure 6 are i l lus t ra t ive  of this effect .  
The maximum buffet intensities observed were of the order of ACN = fO.25 
and occurred during stalls a t  low Mach numbers. Buffeting intensities 
of z fO.10 w e r e  experienced during turns t o  maxlmum l i f t  at Mach 
numbers around 0.80, The peak value of buffet intensi ty  that might ke 
reached during a turn or stall t o  maximum lift appeared t o  depend on the 
length of time the airpla,ne remained at maximMl lift and the angle of 
a t tack attained. Control  position and rate of pitch  appear. to have 8- 
ef fec t  on the h t e n s i t y  of buffeting at any given llft, but 110 investi-  
gat ions  to  measure these effects have been  conducted. 

P i lo t s '  opinion.-  Correlation of the data of figure 8 with p i lo t s '  
coIlnnents indicated that buffet  intensities less than about LCN = t0.02 
cannot be f e l t  by the   pi lots .  Buffet intensities fram L!Q = f0.02 to 
-1.0.06 w e r e  descrfbed as "tolerable" and intensities greater than 
4 = 20.06 were temed "objectionable ." It should be noted at this 
point that incremental  accelerations rather than incremental  values of 
normal-force coefficient form the bash f o r  the p i lo t s '  opinion of buf- 
feting, and, therefore, the values of LEN which are detemhed f o r  
objectional buffeting at  one altitude might not be applicable at an 
appreciably  different altitude. B u f f e t  frequency, wing loading, noise 
level, and the p i l o t ' s  familiari ty with buffeting flight also appear t o  
affect what is termed tolerable or  objectionable buffeting. 

Buffeting frequencies.- In  general, the frequencies at which an 
airplane buffets coincide with the natural structural  frequencies of the 
afrplane. B u f f e t  frequencies of 11, 17, 30, and 35 cycles per second 
have been measured frm records of normal acceleration. Higher but fnde- 
terminate frequencies were a lso  observed. The pertinent natural struc- 
tural frequencies of the airplane fram reference 5 are as follows: 

Frequency, cps 
Mode : 

Firs t   symet r ica l  wing bending . . . . . . . . . . . . . . . . .  11.3 
Fi r s t  unsymmetrical w i n g  bending . . . . . . . . . . . . . . . .  15.5 
First ver t ica l  f i n  bending . . . . . . . . . . . . . . . . . . .  18.3 
F i r s t  synnnetrical and unsymmetrical torsion . . . . . . . . . .  28.0 
second symnetricd wing bed- . . . . . . . . . . . . . . . .  28.5 
Second unsynnnetrical wlng bending . . . . . . . . . . . . . . .  37.5 

The buffet frequency most predminant i n  terms of amplitude and 
occurrence was 11.0 cycles per second, although buffeting correspondlng 
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t o  the torsioaal fEquency of the wing vas appreciable a t  high lffts and 
high Mach numkrs. The predominant buffet frequenciee of the swept-wing 
Douglas D-558-11 airplane were similar t o  those of the Northrop X-4 air- 
plane in that they corresponded t o  the natural structural  bending and 
torsional.  frequencies of the Xing. 

C c m T p a r i S O n s  

The maximum lift and buffet-intensity  data  obtained with the X-4 a i r -  
pLane are campared in f lgure 9 with the peak normal-force coefficients 
and buffet  intensfties obtained for the D-558-11 airplane. The D-558-11 . 
data are unpublished. Most of the difference between the peak airplane 
normal-force coefficients  for the D-558-11 airplane and the values of 

of the D-558-11 fuselage a t  high angles of attack,  but pa r t  of the differ- 
ence is due t o  the detrimental effect  on lift of the X-4 ekvone. C m -  
parison of the  buffet  intensities f o r  the X-4 and D-59-11 airplanes 
shows that the X-4 airpbm? buffets at   substant ia l ly  larer values of 
normal-force coefficient  than does t h e  D-558-XI airplane. 

%nax for  the X-4 is attributed t o  a large contribution  to normal force 

The regions of high-intensity buffeting f o r  both airplanes are M i -  
cated i n  figure 9 a~ & > to.06, but the variatian of buffet intensity 
with normEL1-f orce  coefficient for the two sirplanes is not similar. The 
intensity of buffeting  experienced by the D-558-11 airplane increase8 
more gradually with lift than does that of the X-4 airplane, and, unlike 
the buffeting of the X-4 airplane, the intensit lee nsea6-d with the 
D-558-11 airplane  appear t o  reach sane value before maximum lift 
is attained. The highest buffet lnteneitiee observed for the X-4 at maxi- 
mum lift were of the 8- order as the maxirrmm intensities encountered 
by the D-558-11 airplane. 

It I s  of interest t o   c q a r e  the  intensity-rise  bomdarles of the 
two airplaues on both a normal-force coefficient and an angle-of-attack 
basis. These data. are sham in figure 10. It is apparent that, although 
ekvon  deflection  decreases the lifting effectiveness of the X-4 Xing, 
separation and buffeting are not induced at lower angles of attack. On 
the  other hand, the  elimination of a horizontal  tail an the X-4 has not 
alleviated the buffeting problem. 

The maneuvering range of the X-4 airplane is limited by mtxxiam l i f t  
and control  fneffectiveness and I s  not  limited by the onset of high- 
intensity  buffeting. The maneuvering range of the more conventioaal 
D-558-11 airplane is extensive at a l l  Mach nuuders but is af'fected by 
both longitudFnal  instability and high-inteneity buffeting at normal- 
force  coefficients  substantially below the peak vrtlues sham in figure 9. 
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The variation of the  intensity of buffeting  experienced  throughout 
the  operational region of the Northrop X-4 airplane and the values of 
maximum and peak normal-force  coefficients in the Mach nmiber  range from 
about 0.40 to 0.92 have been determined. The values of maximum lift 
attained  by  the N o r t h r a p  X-4 alrplane decreased from a  normal-f  orce  coef - 
ficient of about 0.n at a Mash number of 0.40 to  a  normal-force  coeffi- 
cient  of 0.54 at a Mach number  of 0.84. Maxfrmrm lift at Mach nmibers 
greater than 0.84 were not attained  because of insufficient longitudinal 
control. The low values of maxirun normal-force  coefficient  attained  by 
the Northrop X-4 86 cclPlpe;red to  those  attained by conventional  (tailed) 
swept-wing  aircraft was partially  attributed to the detrimental effects 
of the elevons. 

The buffet boundary, which separates smooth flight from buffeting 
flight,  decreased f r m  a  normal-force  coefficient of 0.515 at a Mach 
number of 0.425 to a  constant  value  of  normal-force  coefficient of 0.420 
at a Mach number of 0.575. A t  Mach nmikrs greater than about 0.64, no 
buffet boundary could  be  establisbed  because of the existence of buf- 
feting at all values of normal-force  coefficient  at Mach numbers greater 
than about 0.62. An intensity-rise boundary, above which buffet  intensi- 
ties  increased  rapidly with l i f t ,  was found to extend fran a normal-force 
coefficient  of 0.9 at a Mach n-r of 0.45 to a normal-force  coeffi- 
cient of 0.41 at a Mach number of 0.86. The maximum observed  incremental 
fluctuations of airplane normal-force  coefficient due to buffeting were  
of the  order of = f0.25 and occurred  during  stalls  at low Mach num- 
bers.  Buffet  intensities of K!yg = 20.10 were observed during turns to 
maxiurum lift  at a Mach number of approximately 0.80. 

In comparison with a conventional  swept-wing  airplane,  the buffeti.ng 
experienced  by  the Northrap X-4 airplane  occurred at substantially lower 
values of normal-force coefficient  but  the  buffet  intensities of 
the two airplanes  were of the same order. When catpared on an angle-of- 
attack basis,  it was found that the intensity-rise  boundaries of the two 
airplanes were almost  coincidental. 

The maneuvering rmge of the Northrop X-4 was found to be limited 
by maximum attainable lift and control ineffectiveness and was not  lFmited 
by  the  onset of high-intensity  buffeting. The magnitude of the  buffeting 



10 NACA FM L53GO6 

encountered was objectionable t o  the pilots only at normal-force  coeffi- 
cients  close t o  maxFmum lift. No alleviating  effect ,  insofar as buf- 
fe t ing is concerned, W&B produced by the absence of a horizontal tail. 

Langley Aeronautical  hboratory, 
National Advlsory C-ttee f o r  Aeronautics, 

Langley Field, Va., June 18, 1953. 
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Engines (two) . . . . . . . . . . . . . . . .  Westinghouse J-30-WE-7-9 
Rat- (each). s t a t i c  thrust st sea level. lb . . . . . . . . .  1600 

Airplane weight: 
Maximum (238 gal fuel). l b  . . . . . . . . . . . . . . . . . .  7820 
Minimum (10 gal trapped fuel). lb . . . . . . . . . . . . . . .  6452 

wing loading: Maxirmun. Ib/sq ft  . . . . . . . . . . . . . . . . . . . . . . .  39.1 Minirmun. lb/sq f t  . . . . . . . . . . . . . . . . . . . . . . .  32.2 

Center-of -gravity  travel: 
Gear up. full load.  percent M.A.C. . . . . . . . . . . . . . .  18.3 
Gear up. post flight. percent M.A.C. . . . . . . . . . . . . .  16.3 
Gear down. f u l l  load.  percent M.A.C. . . . . . . . . . . . . .  18.6 
Gear down. post  flight.  percent M.A.C. . . . . . . . . . . . .  16.7 

H e i g h t .  0ver.U. ft . . . . . . . . . . . . . . . . . . . . .  14.83 
Length. over.&. ft . . . . . . . . . . . . . . . . . . . . .  23.25 

wing : 
# Area. sq f t  . . . . . . . . .  

spes. f t  . . . . . . . . . .  
Airfoil section . . . . . . .  
Mean aerodyaamic  chord. it . 
Aspect r a t i o  . . . . . . . .  
Root chord. f t  . . . . . . .  
Tip chord. ft . . . . . . . .  
Taper  r a t i o  . . . . . . . . .  
Sweepback (leading edge ) . deg 
Dihedral  (chord plane). deg . 

. . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . .  

. . .  . . .  
NACA . . .  . . .  . . .  

0 . .  . . .  . . .  . . .  

. 200 . 26.03 
0010-64 . 7.81 . 3.6 . 10.25 . 4.67 . 2.2:1 . 41.37 

0 

W i n g  boundary-layer  fences: 
Length. percent  local chord . . . . . . . . . . . . . . . . . .  30.0 
Reight. percent  local chord . . . . . . . . . . . . . . . . . .  5.0 
Location.  percent semispan . . . . . . . . . . . . . . . . . .  90.0 

w b g  f h p S   ( s p l i t ) :  
h a .  s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  16.7 
span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.92 
Chord. percent wing chord . . . . . . . . . . . . . . . . . . .  25 
Travel. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  30 

Dive-brake dimensions as f laps  : 
Travel. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  260 

. 
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Elevons : 
Area ( t o t a l ) ,  sq ft . . . . . . . . . . . . . . . . . . . . . .  17.20 
span (two elevons), f t  . . . . . . . . . . . . . . . . . . . .  15.45 
Chord, percent wing chord . . . . . . . . . . . . . . . . . . . .  20 
Movement : 

U p , d e g . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
Down, deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Operation . . .  . . . . . . . .  Hydraulic with e lec t r i ca l  emergency 

Vertical Tail: 
A r e a , s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6  
Height, f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  5.96 

Rudder : 
k e a ,  eq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.1 
span, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 4 . 3  
Travel, deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  k30 
Operation . . . . . . . . . . . . . . . . . . . . . . . . . .  Direct 

b 



(a) Threequarter *ant view. 

. 

(b)  Side v i e w .  L-71523 

Figure 1.- V i e w s  of Northrop X-4 airplane. 
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Figure 2.- Three-view d r a w i n g  of Northrop X-& airplane. 
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(a) M 0.61. 

(b) M = 0.80. 

Figure 3.- Ty-pical records of normal  acceleration during buffeting. 
Nortkrop X-4 sirplane; hp * 30,OOO feet. 



. . . . . . . . 

C 
'IA 

.45 e 5 0  -55 .bO 65 * 70 75 .80 
m 

Figure 4.- Operational region of the N o r t h r a p  X-4 airplane - 
hp j0,OoO feet; = 35. S 
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Figure 5.- Variation of flight-determined airplane nom-force coeffi- 
cient and elevon  positions  with  angle of attack and comparison  with 
wind-tunnel  normal-force  coefficients  at va;rious elevon  positions. 
M 0.6. 



(a) M = 0.61. 
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(b) M * 0.80. 

Figure 6.- Typical  variation of buffet intensity with airplane normal- 
force  coefficient. hp TJ 30,000 feet. 



. .  

I 

.8 

.7 

.6 

.5 

cHA 

.4 

-3  

.? 

.1 

0 

Figure 7.- The buffet boundary and buffet  intensity-rise boundary for 
the Ncrthrop X-4 airplane. hp gO,ooO feet. 
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Figure 8.- The variation of buffet.  intensities with airplane normal-force 
coefficient and Mach number. Northrap X-4 airplane; hp 30,000 feet. 
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Figure 10.- Comparison of the buffet intensity-rise  boundaries of the 
Northrop X-4 and Douglas D-55kII airplanes. hp ~1 30,000 feet. 
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